Background Insufficient levels of serum 25-hydroxyvitamin D (25-OHD) influence the knee joint cartilage and lead to development and progression of knee osteoarthritis (OA). The purpose of this study was to determine the status of serum 25-OHD levels in patients with knee OA compared with controls. Methods A total of 148 patients with knee OA and 150 controls were studied. Serum 25-OHD was measured by the ELISA method and concentrations<20 ng/ml were considered as deficient levels. Mann-Whitney U test was used for comparisons of means and logistic regression analysis with calculation of odds ratio (OR) was applied to determine association. Results The mean ages of patients and controls were 60.2± 12.9 and 60.1±10.2 years, respectively (P=0.23). In the entire population the mean serum 25-OHD in OA patients was not significantly lower than controls (P=0.28), but in subgroup analysis the mean 25-OHD in OA patients aged <60 years was significantly lower than controls (23.8±18.8 vs. 34.5.±29.6 ng/ml, P=0.01). In this age group knee OA was significantly associated with serum 25-OHD deficiency which remained significant after adjusting for age and sex (adjusted OR=2.26, 95% CI 1.15-4.4, P=0.018). A greater association was observed in patients aged<55 years (OR=2.63, 95% CI 1.16-5.95, P= 0.01); whereas the association between OA and serum 25-OHD deficiency in patients aged ≥60 years did not reach a significant level. Conclusion These findings indicate a significant association between serum 25-OHD deficiency and knee OA in patients aged < 60 years and suggest serum 25-OHD measurement in any patient with symptoms suggestive of knee OA particularly at the initial stage of disease.
Introduction
Vitamin D deficiency is a common problem worldwide [1, 2] . While sufficient levels of serum vitamin D decrease the risk of many chronic illnesses, its inadequacy is associated with multiple pathological conditions including osteoarthritis (OA) [3, 4] . Vitamin D status influences the incidence and progression of knee OA [5] . Sunlight exposure and serum 25-OHD levels are both associated with decreased knee cartilage loss [6] . In serum 25-OHD deficient men the prevalence of OA was two times greater than those with sufficient levels [7] . In OA, changes in subchondral bone play an essential role in the onset and progression of cartilage lesions. In this condition bone resorption markers are higher and bone formation markers are lower compared with a control group [4, 8] . In progressive OA, bone metabolism and bone turnover are increased similar to that observed in patients with osteoporosis. Low serum 25-OHD increases osteoblastic activity and bone turnover [1] . Raising serum 25-OHD to sufficient levels with supplemental vitamin D will decrease the rate of bone turn-over, suppress the PTH level, increase BMD and even decrease fracture risk in the elderly population [8, 9] .
Both OA and vitamin D deficiency are age-dependent [10] . During aging, knee OA becomes more symptomatic and prevalent, vitamin D stores decline, and subclinical vitamin D deficiency or insufficiency occurs in the elderly, especially in women [10] . This process may alter bone mineral metabolism and lead to progression of knee OA through development of osteopenia or exacerbation of osteoporosis [8] . A higher than expected rate of vitamin D deficiency, as has been reported in OA, indicates that these patients are at higher risk of disease progression [11, 12] . Hence, knowledge of the serum status of 25-OHD may provide additional information for recognising patients at risk of progression. To date, few studies have addressed this topic so data on this subject are lacking. We therefore performed this study to determine the status of serum vitamin D levels in patients with knee OA compared to agematched controls.
Methods
The population of this cross-sectional study consisted of patients with knee OA and age-matched controls. Patients were selected consecutively among individuals who presented with knee pain to an outpatient medical clinic located in Babol, Iran, a temperate geographic region at a latitude of 36°on the Caspian Sea. Diagnosis of knee OA was confirmed by the American College of Rheumatology diagnostic criteria for classification of knee OA [13] . Sample size was determined with a confidence level of 95% and power of 80% to detect 15% difference in proportion of vitamin D deficiency between patients and controls at a significance level of 0.05%. Considering a 30% vitamin D deficiency among the general population of this study [3] , 146 subjects were required for each group. Subjects of the control group were selected among subjects who presented to the same clinic over the same period for nonskeletal symptoms such as recent respiratory or gastrointestinal symptoms or among subjects without any clinical symptoms who presented for check-up laboratory tests. The control group had no clinical features of knee OA based on history and clinical examination.
Serum 25-OHD was measured by ELISA method using a lyophilised competitive protein binding assay kit (DRG Instruments, GmbH, Germany) according to instructions of the manufacturer. Serum 25-OHD levels less than 20 ng/ml were considered as deficient.
Exclusion criteria were presence of rheumatic diseases other than OA, chronic diseases of gastrointestinal, kidney and pulmonary systems, systemic debilitating diseases, limitation of physical activities, being on diet, supplemental vitamins and anticonvulsant drugs. Patients with severe radiographic knee OA at stage 4 Kelegren-Lawrence stage and those with knee joint instabilities were not included. Only patients with stable physical activities over the past three-month period were included. In statistical analysis the mean serum 25-OHD levels and proportion of serum 25-OHD deficiency were determined in groups and compared with the matched controls. Additional subgroup analyses were performed according to age particularly age groups of less than 60 years versus ≥ 60 years. Mann-Whitney U test was used for comparison of means. The association of vitamin D deficiency and knee OA was assessed using chisquare test with calculation of odds ratio (OR) and its 95% confidence interval (95% CI). The independent effect of serum 25-OHD deficiency was determined after adjustment for sex and age using logistic regression analysis. SPSS software version 17 was used for analysis.
Results
A total of 148 patients with mean (±SD) age of 60.2±12.9, median of 60 (range 23-91) years old and 150 controls with mean (±SD) age of 60.1±10.2, median of 59 (range 36-85) years old (P=0.23 ) entered the study. Serum 25-OHD deficiency was observed in 39.8% of patients versus 32% of controls (P=0.18) ( Table 1 ).
In the entire population of OA, the mean serum 25O-HD level in patients was lower than controls but the difference was not statistically significant (34.1±32.4 vs. 38.5± 34.8 ng/m, P=0.28). There was an association between serum 25-OHD deficiency and knee OA which was not statistically significant after adjustment for gender (OR 1.62,95% CI 0.97-2.6, P=0.06).
In the entire study population serum 25-OHD deficiency was not homogenously distributed across age but was more frequent in subjects aged<60 years compared with ≥60 years particularly in the patient group (Table 1) .
In subgroup analysis of subjects<60 years the mean serum 25-OHD level in patients was significantly lower (23.8±18.8 vs. 34.5±29.6 ng/ml, P=0.01) and proportion of serum 25-OHD deficiency was significantly higher than controls (53.4% vs. 35.5%, OR=2.08, 95% CI 1.07-4, P= 0.041). Whereas in populations aged 60 years and older there were no significant differences in means and proportions of serum 25-OHD deficiency between patients and controls (44.1±39.2 vs. 42.8±39.2 ng/ml, P=0.58 and 26.6% vs. 28.3%; P=1, respectively).
In this age group there was a significant positive association between serum 25-OHD deficiency and knee OA which remained significant after adjusting for sex and age using logistic regression analysis (OR=2.26, 95%CI 1.15-4.4, P=0.018); whereas there was no association in age group of ≥60 years old ( Table 2 ). The association was greater in subjects aged less than 55 years (OR=2.63, 95% CI 1.16-5.95, P=0.01).
Additional analysis in regard to mean serum 25-OHD and serum 25-OHD deficiency demonstrated a significant difference between means and the proportion of serum-25-OHD deficiency according to age of less than 60 years compared with 60 years and older in the patient group but not in the control group (23.8±18.8 vs. 44.1±39.2 ng/ml, P= 0.001, and 53.4% vs. 26.6%, OR=3.15, 95%CI 1.58-6.27, P=0.001, respectively).
Discussion
The findings of our study indicated a high prevalence rate of serum 25-OHD deficiency and a significant positive association between serum 25-OHD deficiency and knee OA in a subgroup of patients with knee OA aged less than 60 years with greater association in younger patients.
Up to now most studies addressed the association between OA and serum 25-OHD in longitudinal studies [5, 6, [14] [15] [16] [17] . No study has yet compared serum 25-OHD levels between OA patients and controls. The results of this study are consistent with previous reports [5-7, 11, 14, 16] and add new information to current knowledge in relation to the association between serum 25-OHD deficiency and knee OA.
In the "Osteoporotic Fractures in Men Study", similar to our study, the mean serum vitamin D in patients with OA was significantly lower and the proportion of vitamin D insufficiency and deficiency was significantly higher than in controls. Vitamin D deficient men were twice as likely to have prevalent radiographic hip OA compared with controls [7] .
In the "Rotterdam Study", low dietary vitamin D intake was associated with increased risk of knee OA progression over a mean follow-up time of 6.5 years [5] . In another longitudinal study of elderly women the risk of incidental hip OA increased by odds of 3.34 (95%CI 1.13-9.86) in subjects with low serum 25-OHD levels over an average follow-up period of eight years [14] . In participants of the "Framingham Study", low serum 25-OHD predicted the development of cartilage loss and knee OA progression [14] . However, the association of vitamin D deficiency and OA was not confirmed by another longitudinal study by Felson et al. [16] .
Based on current knowledge, knee OA should be considered a bone disease rather than a synovial disease [4, 8] . Early joint structural changes such as cartilage defects, loss of cartilage volume, subchondral bone expansion and bone marrow lesions are present prior to the onset Table 2 Association between serum 25-hydroxyvitamin D (25-OHD) deficiency a and knee osteoarthritis (OA) after adjustment for gender by calculation of adjusted odds ratio (OR) and 95% confidence interval (95% CI) using logistic regression analysis a Serum 25-OHD<20 ng/ml of joint symptoms and clinical OA [18] . Bone expansion in the tibial subchondral area play an initial role in the aetiology of knee cartilage defects and cartilage loss. These defects tend to progress in symptomatic knee OA. Prevention of cartilage damage or reducing their severity by intervention may retard OA progression [18] .
Inadequate levels of serum 25-OHD in patients with knee OA is of major concern. Since at low tissue concentrations of serum vitamin D bone response to pathophysiological processes is not optimal, vitamin D deficiency provides a susceptible background for OA progression [5] [6] [7] 14] .
Several mechanisms such as alterations in mechanical properties of bones, increasing bone resorption by raising PTH level, increasing bone turn over, or direct effect of vitamin D metabolites on articular chondrocytes were postulated to explain the contribution of vitamin D deficiency in the progression of OA [4] .
These observations provide a rationale for the measurement of serum 25-OHD in patients with OA and encourage supplementation to raise the serum concentration to adequate levels. Hence, serum 25-OHD measurement should be considered in any patients with symptoms suggestive of knee OA even before the appearance of radiographic changes. By the time radiographic OA is detected 10% of knee joint cartilage has already been lost [17] . Improvement of serum 25-OHD to a sufficient level augments skeletal health and alters joint response to risk factors and retards progression of OA.
A correlation of vitamin D with structural damage of subchondral bone has been shown [19] . There are similarities between OA and vitamin D deficiency with regard to increased levels of bone turnover markers [1, 7] . The potential of vitamin D treatment in suppression of turnover markers supports these observations and suggests that raising serum 25-OHD to sufficient levels may exert beneficial effects in patients with knee OA [9] .
Our study has limitations which should be taken into account. Since performance of radiographic examination in asymptomatic controls was not clinically indicated, inclusion of asymptomatic OA to the control group cannot be ignored. This issue may lower the mean serum 25-OHD level from the actual value in the control group and reduce the mean difference between patient and control groups. Otherwise the real mean difference value between patients and controls, particularly in age groups of 60 years and over, would be greater than that observed in this study. This problem may partly explain the lack of association between vitamin D deficiency and knee OA in the age group of 60 years and older.
Patients with knee OA are expected to have higher body mass index (BMI) than controls. Obese patients may have low serum 25-OHD levels due to decreased passage of vitamin D from skin to the general circulation. However, higher BMI values greater than 30 kg/m 2 were shown to be associated with low vitamin D [20] . We did not provide data regarding BMI in this study; however, in a previous study of patients with knee OA derived from the general population of this study the mean BMI in patients with knee OA with mean age of 60±11 years was 27.8±8.1 kg/m 2 [21] . We have shown an age-related modifying role for vitamin D deficiency which has not yet been reported. The association of serum 25-OHD deficiency with knee OA in lower age groups may be explained by greater bone health and higher activity of bone remodelling in younger than in older persons. Healthy remodelling requires the availability of adequate vitamin D [2] . Therefore, younger individuals are more dependent on vitamin D and are thus expected to be more sensitive to serum 25-OHD deficiency. It is unclear whether age by itself or the degree of OA which presumably is less severe in younger patients, or other factors, can explain the observed association. Comparing serum 25-OH D in patients with different stages of knee OA after allowing for age provide further information in relation to OA stage and serum 25-OHD deficiency.
The results of our study are less affected by seasonal variations, diet, and sunlight exposure or limitation of physical activities due to pain and other confounders because patients and controls of this study were drawn from the general population with unique racial and cultural backgrounds, with similar diet and sunlight exposure. Sampling in both groups was performed over the same seasonal periods and patients with disability and limitation of physical activities were excluded from the study.
In conclusion, this study has demonstrated a significant association between knee OA and vitamin D deficiency in age groups most consistent with initiation of early OA symptoms corresponding with the development of knee cartilage damage. Loss of knee joint cartilage, which starts at about the age of 40 years [18] , progresses incrementally with age as in the normal population, and at a mean age of 57 years approximately two thirds of the joint cartilage is damaged. Identification of high risk subjects and modification of risk factors of subchondral bone such as correction of serum 25-OHD deficiency at this stage is expected to exert beneficial effects. However, the causal relationship of vitamin D deficiency in the development of cartilage defects and the potential of vitamin D treatment in the resolution of these structural lesions requires further prospective studies.
